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Surface treatment process 

-me prasent Invention relates to a method for ooaling a surface of a 
continuous wob having a first surface and a second surface with a 
5 coating powder. The method comprises: Allowing Uie web to move 
between electrodes which are In different potentials, applying the 
coating powder on ttie surfaue of Uie web by utilizing the difference in 
the oloctric potential, and flntehing the coated eurface of the web. 

10 It Is poeelble to treat the web by the dry surface treatment process by 
using a charging electrode and an earthing electrode on the opposite 
sides of the web. Ihls principle Is disclosed for example In EP 
0982120, WO 98/11999 and Fl 105052 Which corresponds to WO 
00/03092 and EP 1099023. 

15 

If a cioul>le-sided treatment is required, the problem with treating only 
one side of the web at a time Is that the coating powder has to be 
applied on the first surface of the web, and after that the first surfiace is 
finished for example by using heat and pressure. In the next process 
20 step, thn .<ame pror^odure is rnpfifltftd to treat Vnft senond surface of the 
web. 

Thie present invention is an improvement compared to the prior art. The 
method of the invention Is characterized In that the both surfaces of the 
26 . web are coated essentially simultaneously by using oppositely changed 
electrodes. The term essentially means that a certain delay may be In 
the process, for example due to the path of the nwving web. 

General advantages related to the dry surface treatment process 
30 compared to conventional coaled paper manufacturing processes are; 

The dry surface treatment process allows considerably lower 
investments compared to the converitlonal processes, the 
manufacturing line is substantially more compact. The 
35 cnnvenTiorial process can easily be replaced by the dry siirfaoB 

treatment procoss by rebuilding the old procoas, or tho dry 
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surface treatment process can be built on tho place of the after- 
drying section which nan be removed partly or yiilireiy from a 
conventional layout, and 

6 - The environmental aspects aro also of Importance. An eliminated 
water usage In the surface treaimem process combined with a 
reduced or even ollmlnatod water (e.g. a gas phase as 
dispersing medium) usage also during the coating component 
production aro onormous advantages to the credit of the dry 

10 surface trealriienl process. Reduced energy consumption can 

also be achieved since water evaporation is ejiminaled and no 
after-drying section is needed (The coating powder is applied 
preferably at a moisture content of less than 15 %). 

IS By using the method of the invention, even more compact process line 
is achieved because some process steps can b© avoided. Thu-5 the 
process is slmplitied and shortened. The costs ot the process are 
reduced. 

20 Tfce dry surface treatment process of different substrates, such as 
paper or board substrates, comprises dry coating powder application 
followed by a finishing step, for example thennomechanical fixing. The 
application of the coating powder utilises an electric field to transfer the 
coating particles to the surface of the substrate and to enable an 

95 elentroRtatln adhesion prior to the flnlshlnQ. Both the final adhesion and 
tho surface omoothoning of fhc coating arc executed simultaneously 
through ihemnomechanloal treatmflm or another suitable treatment. 

When the both surfaces of the web are treated simultaneously, the wieb 
30 travels botwoon two oloctrodos which aro located on iho opposilo sidoo 
of the web and iiave opposite polarities. The charged parllcli^ of the 
coating powder are drtwvn by an oloctric field having on opposite sign. 
Thus the particles are placed on tlie surface of Uie web. If lii6 first 
electrode is negative, the second electrode on the opposite side of the 
35 web is positive and vice versa. When the first corona charging 
electrode is negative, trie particles of the coating powder charged by 
the generated negative Ions move towards the posithre corona 
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Charging electrode which is located on the other side of the web. The 
coating particles on the second side of the web are charged by posiUve 
ions generated by positive electrode and move towards the iiogollve 
electrode. I he difference in potentials of the two electric fields \s 

5 considerable, and thus those two eleotrodee strengthen the f uiypUon of 
each other. The shape of the electrodes can be cShosen so that a 
concentration of charges and/or an eleotric breakdown are prevented. 
For example, wire-shaped electrodes which are located at some 
dlslance from the web parallel to tho wob are advantageous. Other 

10 noRSlblllties for the eletarodes Include needle-like electrodes or plate 
eleai«odes. Instead of corona charging olcctrodos oan also be used 
other electrodes suitable for creating a sutflderil elecUic field to transfer 
charged coating paiiiclos. 

16 

In dry surface ireaimenl of paper and paperboard, the powder is 
sprayed through an area of a strong electric field and high free-ion 
concentration to the surface of the substrate. The coaUng powder is put 
into the coating feeder chamber and transferred to the powder 
20 deposition unit with compressed air. 

The coating powder Is charged in the powder deposition ianit. A 
primary requirement for elqcstrostatic powder deposition is generation of 
lange quantities of gas Ions for charging the aerosol particles. This is 

2b accomplished by nieans of a gaseous discharge or corona treatment. 
The generation of a corona involves the acceleration of electrons to 
high "velocity by an electric field. These electrons possess sufficient 
energy to release an electron from the outer electron shell when 
striking neutraJ gas molecules, thus producing a positive ion and an 

30 electron. 

The powder Is supplied to the application unit with compressed air or 
another transport medium that promotes particle charge. The transport 
medium oan be added to the supply air e.g. through oxygen addition, 
35 or 10 enlirely replace Ihe supply air by aiioUier gas. Also Oie moisture 
content and the temperature of the supply air can be varied to improve 
the charging effect in the corona region. This might further Improve the 
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powier transfer In the electric field to the substrate surface. A hlghor 
temperature of the supply air inoreases the lonlsatlon uoemcienl. The 
supply air temperature should be kept undor the polymer glass 
transition temperature (T«„< Tg of the polymer) because oUierwise the 
5 coating powder agglomoraloo. The moisture content of the supply 
medium must he kept below a relaBve humidity (RH) of 50 % to avoid 
disohaigo© and ralso tho medium pressure beyond 0.1 bar. Harmful 
dlsrshargesj are prevented in this way. 

10 Voltage and curreirt are varied In relaUon to the required distance 
between the charging electrodes, the material properties (e.g. dielectric 
uoMSlanls) ol the electrodes, the powder composition (organic- 
Inorganic ratio, dielectric constants ot the powder etc.), the pov.fder 
amount, the supply medium moisture content, and pressure. The 

1 5 voltage varies from 5 KV to 1 000 kV and the current from 30 |xA to 1 000 
A. The powder properties and the application concept guides partially 
th^ set-up of the charging electrodes. 

The coating powder comprises either separate Inorganic material 
20 particles and polymeric binder material particles or particles including 
both inorganic material and polymeric binder material (so-called hybnd 
particles). An average diameter of the material particles la chosen so 
that It Is ahnvfi of an averagfi rilametar nf pwei? of a subsiraiu m be 
coated. The average diameter of the material particles ia usually 0.1 - 
25 500 pm. preferably 1 - 15 urn. The coating powder usually comprises 
10.1 - 9B.S wl-% (dry wolght) of inorganic material and the rest is 
preferably polymeric binder material. The most comihon range for the 
amount of the Inorganic material in the coating powder is 80 . 9^ wt.-%. 
It Is possible that the composition of the coating powders applied on 
30 the opposite surfaces of the web differ from each other. 

The substrate to be ttwated Is preferably a continuous web but the 
principle of Uie invenlion can also be applied lo substrates in a sheet 
term The substrate preferably comprises fibrous material but other 
35 substrates are also possible. The fibrous portion of the continuous web 
to be neated consist usually of papemiaking fibres. In the piBsent 
application, the papenfnaking fibres refer to fibres obtained from trees. 
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in other worde, either fibres of a mechanical or chemical pulp or 
niixlures of those two. 

To strengthen the fastening of the coating powder to the web during 
5 the application of the dry cpating powder it is advantageoiKS to pre-treat 
ihe web. The pre^treatment may comprise rubbing, treating by corona, 
or rP.oist6nlng the web by suitable liquid substances, such as water, 
polyamlde imide, hydrogen peroxide, or lime water. The fastening of 
the coating powder has different mechanisms, such as hydrogen 
10 bonds, oxidizing ihe surface of the web followed by forming of froo 
radicals or a chemical reactton forming a new compound. The pre- 
treatment liquid Is preferably sprayed from ducts in the form of fine fog 
particles towards the web to prevent excess moistening of the web. 

15 The surface of the paper web to be coated may also be pie-lreated by 
bmshing. The fibres, which are located on the surface of the paper, are 
fibrillated to enhance the fixing of the coating powder on the web. The 
brushing has an elfect on the web at least in three ways, namely 
enlarging the specific surface area, adjusting the roughness si Uie 

20 surface, and chaiglhg the surface by static electricity. The degree of 
fibrillation and the amount of static charging can be adjusted by 
adiusting the ro^tlon speed and the pressing pressure of the, brush. 
The tfeslraWe charge can be obtained by choosing the material of tin© 
brush accordingly. The brush may rotate clockwise or counter 

25 clockwise compared to the mnning direction of the web. 

The application efficiency of the coating powder can be enhanced by 
directing the flow of the coaiihg powder. Often the particles are blovyn 
subslantiallv to the web direction. It Is possible that some particles 

30 penelmtfe through the electric field without fastening to the web and 
cause dusting. When the application of the coating powder is made 
parallel TO the direction of the electric field dusting Is remarkably 
diminished. The parallel powder stream can also be used to overcome 
the air boundary layer. The coating powder can be pre-charged before 

35 creating tho difference in tho clootrio potential In the final stage 
between Ihe surface of the subslrale and the coating jpowder. 
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Somo auxillaiy substances can be sprayed simuttaneously with the 
coating powder onto the web. They are preferably in a liquid form but 
also solids are used. The auxiliary substance is charged to have a 
similar charge as the coating powder and it is blown among the coating 
5 powder. The auxiliary substance may be for example water, lime water, 
uaUonic starch, polyvlnylalcohol in a granular form or 
oarboxymethylcellulose. 

The dry coated sub^rate may also comprise more than one coating 
10 layer on the same side of the substrate. The jayers can be d^erent 
from each other, me charges, which are fonnned for the appilcaton of 
the coating powder, can be eliminated or changed to have a different 
dign after fixing the coating powder with heat and pressure. For 
ex^Ble, when the first application is done by a negative charge to tho 
15 first surface of the web, the second application can also be made by a 
negative charge to the first surface of the web. and hence the layers 
a re adhered to each other property due to the electric attraction. 

in the case of an excess powder supply, the electrostatic deposition 
20 can be utilised to remove It. To remove an excess amount of the 
coating powder may be necessary for example when starting the 
process or changing production parameters. Secondary electrodes are 
used to accomplish the deposition: The coating powder has to be 
removed before its fixing on the web has been finalised. Before the 
25 fixing Is finalised the particles of the coating powder are adhered to the 
web only by electric forces and hence they can be removed bjr, using 
the secondary electrodes having an oppcfflfe chairge compared to the 
particles 6t the coating powder, i he removing of ttie coating powder 
can be enhanced e.g. by air doctoring. The powder collQcKon can be 
30 dpne^r example through eleclrosiallc precipitation or air suction. The 
removing of the particles may have prior treatments or local in situ 
treatments, which enhance the process. Also means for recycling may 
be used. 

36 The application of tho coating powder is followed by tho finishing stop. 
The preferred ranges for ttie thermornechariical IreaUnenl are: The 
temperature of 80-350*C, the linear load of 25-450 kN/m and the dwell 
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timo of 0.1-100 (speed 150-2500 m/mfn; nip length 3-1000 mm). 
The lixalioii uaii be reinforced In different ways to achieve desired 
paper properties. In this novel process solution, the polymer also 
crealw physical adhesion of the coating layer to the paper surTace, 

5 which replaces the lack of a penetration effect and mechanica 
interlocking present m a conventional process. The thermomechanical 
treatment can be made by various calendering methods or 
calenderlng-IIke methods. The methods utilize nips formed between 
rolls, or substantially long nips formed between two counter surfaces. 

10 Examples of such nips are hard-nip. soft-nip. long-nip <e.g. shoe-press 
or belt calender). Condebeft-type calender and super-calender. 

An alternative to the heated roll Is to use a suitable Rolvent to dissolve 
the binder, or a suitable radiation, for example IR radiation, to molt tho 
15 hinder The wave length of the radiation is chosen so that the rdUiatlon 
does not absorb into the web but into the coating powdor. After tho 
radiation unit ther^ can be a calender to give a sufflclenBy strong 
prcssuro troatmont. The roll in contaol with *e coating layer car. be 
either a resilient rol} or a hard roll. 

20 , 
. In ttiB following, the InvenUon will be described by means of an 
exaimple and Fig. 1, which shows the principle of treating both sides of 
ihe web simultaneously. 

25 Figure 1 shows a dry surface treaimenl process according to the 
invention. A continuous web W Is to be treated In such a way that a 
coating powder 6. 7 is supplied through an electric field formed 
between a first electrode 1 and a second electrode 2. The panicles of 
the coating powdei* 7 have been charged positively due to the first 

30 positive electrode 1, and the particles of the coating powder 6 have 
been charged negatively due to the second negative electrode 2. The 
positively charged panicles of the coating powder / are attracted by the 
negative electric field and by the negatively charged particle^ of the 
coating powder 6. Bficause the web W travels between the oppositely 

35 charged particles, tho particles adhere to the wob W by oleolrlc fc^^os, 
ttius creallng a uuaUf ly layer 3 lo Uio UoUi aides of the web W. The dry 
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surface treatment process Is finalised hy finishing the web W by 
conveying it through a nip formed between two hoatod rolls 4. 5. 

Example. 

^ LWC paper was manufactured by a dry surface treatment process. The 
coating powder comalned less than lO wt.-% of a polymerk; binder, 
namely styrene-butadiene copolymer (60/40 wt..%). The glass 
transition temperature (Tg) of the polymeric binder was 20 - 40 C. The 

10 average diameter of the polymeric particles In a stable water-based 
dispersion was ai5 \mx. the Inoiganic porUon of the coating powder 
con^sted of 30 wl..% of kaollne and 70 wt.-% of GCC (GaCOa). The 
grain size distribution of the inorganic material was such that 90 wt.-/o 
of the particles had the average diameter of less than 2 tim. The 

15 powder-based coating material was fomied by a freeze-drying process 
followed by grinding. 

The dry surface troatment process was executed In a speed of iPOO 
m/mln. The coating powder vyas applied to the web direction at the both 

20 sides of the web by using pressurized air. An elecirio field was formed 
between a positive and negative electrode between which the web 
travelled. The coating powder was pre-charged before bringing it to the 
final electric field. The particles of the coatng powder adhered to the 
both Sides of the web due to the electric forces, and thus a c^oubla- 

25 sided coating was Achieved. The pressurized air was recycled back to 
the process. 

The^irfacB treatment of the Web was finailsBd In a calender wllh hard 
rolls. The linear load was 150 kN/m and the temperature of the rolls 
30 was 200"C. The surface roughness of the hard-metal rolls were at least 
Rb-<0.1 pwi. 

A dry surface treated paper having properties simiiar to the LWC paper 
was achieved. 



35 



The Invention is not restricted to the descriptior^ above, but the Inven- 
tion may vary within the scope of the claims. 
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glaims: 

1. A method tor coating a surface of a continuous web having a first 
surface and a second surface wtth a coating powder comprising steps 

^ allowing the wob to move botwoon a first and a second ©loctrods, 
which are in different poltjnllals arid are located on the opposite 
sides of the web, v xsi- ■ 

- applying the coating powder on the surface of the web by utliang 
10 the diHerence In the electric potential, and 

- rinlehiiig lhe» coaled surface of Ihe web, 

characterized in that the both surfaces ot the web are coated 
essentially simultaneously by using oppositely charged electrodes. 

15 2. The method according to claim 1 . characterized In that the fir$l and 
the second electrode are corona charging electrodes, or electrodes 
suitable for creating a suffiqient electric field to transfer charged coating 
particles. 

20 3. The method according to claim 1 or 2, characterized In that the 
corona charging electrodes are wire-shaped electrodes. 

4. The method according to any procoding claim, characterized In that 
the coating powder is pre-charged. 

25 

5. The method according to any preceding claim, characterized in that 
the ooating powder Is applied on the web by supplying ft Iri ah electric 
neld created by ihe first electrode and allowing an electric field created 
by the second electrode to draw particles of the coaling powder on the 

30 web. 

6. The method accoixling to claim 5, characterized In that one 
electrode acts as the first and the second electrode simultaneously. 

35 7. Th© method according to any preceding claim, characterized In that 
after the coating powder has been applied onto the web. the web is 
finished by using heat and pressure. 
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Abstract: 

A method for coating a surface of a continuous web having a first 
5 surface and a second surface with a coating powder comprising steps 
of' Allowing the web to move between a first and a second electrode. 
Which are In differem potentials and are located on the oppossiie sides 
of the web. applying the coating powder on the surface of the web by 
utill7ing thfi difference In the electric potential, and finishing the coated 
10 surface of tho wob. The both surfaces of the web are coated essentially 
simultaneously by using oppositely charged electrodes. 
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